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AB In this study, a novel approach for the development of a peptide-based 
vaccine has been tested. We investigated the possibility of 
replacing an all-L amino acid peptide sequence corresponding to the 
protective B-cell epitope hemagglutinin (HA) 91-108 from influenza HA with 
a retro-inverso analogue encompassing this sequence. Retro-inverso 
peptides are composed of D-amino acids 

assembled in a reverse order from that of the parent L-sequence, thus 
maintaining the overall topology of the native sequence. This explains 
the observed antigenic cross-reactivity with anti-influenza virus 
antibodies. Mice immunized intranasally with the ovalbumin-con j ugated 
retro-inverso analogue and cholera toxin as an adjuvant, produced strong 
systemic (serum IgG) and mucosal (lung IgA) antibody responses, and were 
protected against intranasal challenge with a lethal dose of influenza 
virus. The weight loss pattern in the protected group indicated that the 
vaccinated animals developed a disease of low severity resulting 
in a quick recovery. Furthermore, splenocytes of the immunized mice 
cultured in the presence of inactivated influenza virus, secreted high 
levels of IFN-gamma. The half-life of the retro-inverso analogue in the 
presence of lung homogenate proteases was at least 700 times greater than 
that of the parent L-peptide. These results demonstrate that 
peptidomimetic analogues with high resistance to proteolytic degradation 
are very effective iinmunogens when administered via the 

intranasal route, inducing protective immunity against a viral infection. 
This approach might be advantageous for vaccine development 
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AB The effect of introducing D-amino acid residues in an hexapeptide was 
examined both at the antigenic and immunogenic levels. A series of 
D-analogues of the model peptide of sequence IRGERA corresponding to the 
COOH-terminal residues 130-135 of histone H3 were produced. Four 
analogues contained a single change of an L-residue by the corresponding 
enantiomer, one peptide contained two D-residues and another one contained 
only D-residues (D-enantiomer) . A peptide analogue was also synthesized 
in which the 2 Arg residues were replaced by Lys residues. The parent 
peptide and peptide analogues were injected into mice after covalent 
coupling to small unilamellar liposomes containing monophosphoryl lipid A 
as adjuvant. The substitution of L-Argl31 to Lys or D-Arg was found to 
change neither the antigenic nor immunogenic properties of the resulting 
peptides. In contrast, the substitution of Glul33, Argl34, and Alal35 by 
the respective enantiomers drastically altered the antigenicity 
of the modified peptides. Each of the six D-analogues induced an immune 
response with an unusually high level of IgG3 antibodies. The 
D-enantiomer produced IgG3 antibodies which reacted Wth the homologous 
peptide as well as with the all L-peptide and the patent protein H3 in 
solution but not with analogues containing one or twp D-residues only. 
IgG3 antibodies produced against the all L-peptide yeacted with the free 
all D-peptide but not with the other analogues containing D-residues in 
position 133, 134, and 135. / 
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AB Peptides and polypeptides either fully or partially built of D-amino acids 
interest researchers because of their advantages over all L peptides and 
polypeptides. In exploiting these characteristics, one should realize 
that the resulting molecules are nonetheless not inert, but rather may 
induce a unique immune response, which is hardly cross-reactive with the 
L-enantiomer . Moreover, cross-reaction between the L- and the D-sequences 
is limited also at the T cell level, probably due to different sterical 
conformations of the MHC-antigen-T cell receptor complexes formed. 
Polypeptides built exclusively of D-amino acids lead to antibody formation 
only at a relatively low concentration, otherwise they provoke 
immunological paralysis. The specificity of the immune response toward 
peptides containing D-amino acid residues is exquisite, and often D-amino 
acids play a dominant role in defining the specificity. Polypeptides 
composed exclusively of D-amino acids are thymus-independent antigens. 
Nevertheless, it is possible to prepare against them highly specific T 
cell hybridomas . In future plans for synthetic vaccines against 
infectious or autoimmune diseases, the inclusion of D-amino acids may be 
an advantage in terms of both specificity and efficacy, the latter because 
of longer persistence in an undigested form because they resist enzymatic 
degradation . 
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AB There has been a regain of interest in the immunological applications of 
peptides assembled partly or totally from D-amino acids. Such peptides 
are much more stable to proteolysis than natural L-peptides and they have 
considerable potential as synthetic vaccines and as immunomodulators in 
T-cell responses. Retro-inverso, also called retro-all-D or retroenantio, 
peptide analogues that closely mimic the structure of protein antigens are 
obtained by assembling amino acid residues in the reverse order from that 
in the parent peptides and replacing L- by D-amino acids . Retro-all-D 
peptides corresponding to an immunodominant epitope of foot-and-mouth 
disease virus have been shown to elicit high levels of neutralizing 
antibodies in experimental animals. Certain retro-all-D peptide analogues 
of T-cell epitopes are able to bind to MHC class II molecules and may 
either lead to T-cell activation or inhibit deleterious T-cell responses. 
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